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® Chemicai reactions of superconducting raw ma- 
terials (10) with active oxygen atoms and their 
pf) charged particles are accelerated by using at least 
— oxygen plasma in the fabrication process of a super- 
conductive body (1). Thereby an ionic crystal is 
0- grown in a short time, which provides stable super- 
conducting materials of high quality such as high 
critical temperature and low resistivity. In another 



aspect a substrate (2) is in-adiated simultaneously 
with streams (13) of vapor of metal elements, of 
which a superconductive body is to be composed, 
and a stream (13) of gas of ions generated in a 
plasma chamber (20) and film gro>Arth is effected 
while keeping the substrate (2) at a temperature 
higher than 400* C to produce a ceramic type super- 
conductive thin film. 
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METHOD FOR FABRICATING SUPERCONDUCTING MATERIALS AND SUPERCONDUCTIVE THIN FILMS 



BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
fabricating superconductive bodies, and in particular 
to a method for fabricating high temperature oxide 
superconducting materials. 

A superconducting material (La, Ba)2Cu04 hav- 
ing a K2NiF4 type structure, which Bednorz and 
Muller have discovered in 1986, has shown a critical 
temperature as high as 30K. In 1987. it has been 
found that YBa2Cu307.K having a perovskite type 
structure has a still higher critical temperature Tc = 
90K and it has shown the superconductive state 
even at the liquid nitrogen temperature. 

By a prior art fabrication method, as disclosed 
in Japanese Journal of Applied Physics. Vol. 26, 
No. 5 (1987) pp. L676-L677. e.g. in the case of the 
Y-Ba-Cu-0 oxide superconductive body, powders 
of Y2O3. BaCOs and CuO were mixed at a suitable 
ratio and calclted in the atmosphere or in a oxygen 
gas medium at a temperature of 950 'C for one 
hour. Thereafter, it was shaped in a suitable form 
such as pellets, etc. and sintered in the atmo- 
sphere or in an oxygen at a temperature of 900 C 
for about 18-19 hours by means of an electric 
furnace 9, as indicated in Fig. 2. in which a refer- 
ence numeral 1 represents a high temperature 
superconductive body obtained by sintering a pel- 
let made of the superconducting material 10 having 
the composition described above and 2 indicates a 
substrate. 

The prior art technique stated above had prob- 
lems that fabrication took a long time, that no 
attention was paid to mixing of Impurities, etc.. that 
productivity and stability were unsatisfactory, etc. 

The present invention relates to superconduc- 
ting materials used for high output magnets. 
Josephson devices. SQUID, etc. and in particular 
also to a method for fabricating oxide superconduc- 
tive thin films working at temperatures higher than 
the boiling point of liquid introgen. 

A representative method for fabricating super- 
conductive thin film Is published in Japanese J. of 
Appl. Phys., Vol. 26. No. 5 (1987) pp. L709-L710. 

Since the crystal structure of the thin films 
fabricated by the prior art techniques is compli- 
cated and on the other hand fabrication thereof Is 
Inevitable for electronic devices, there was a prob- 
lem that it was difficult to obtain thin films of high 
quality. 



SUMMARY OF THE INVENTION 

A first object of the present invention is to 
provide a method for fabricating superconducting 

5 materials, capable of resolving the problems de- 
scribed above. 

The present Invention can be achieved by syn- 
thesizing superconducting materials by using at 
least oxygen plasma. 

70 Treatment by the oxygen plasma acts so as to 

facilitate the growth of ionic crystals owing to active 
oxygen atoms and charged particles in the oxygen 
plasma. In this way. e.g. for a superconducting 
material of Y-Ba-Cu-0. oxygen and copper atoms 

15 become easy to be two-dimensionally aligned, the 
critical temperature rises, critical current density 
increases, and thus stable characteristics can be 
obtained. 

A second object of the present invention is to 
20 provide thin films of high quality working at tem- 
peratures higher than the boiling point of liquid 
nitrogen and having small degradation. 

The above object can be achieved, taking 
YBa2Cu307.K as an example, by forming a thin film 

25 on a substrate held at a temperature relatively low. 
while projecting the oxygen plasma thereon at the 
same time, in the course of deposition of Y, Ba and 
Cu on the substrate, directing a stream of vapor 
thereof, which is controlled in the flow rate, thereto. 

30 One feature of the present invention provides a 

method for forming ceramic superconducting thin 
films, in which a stream 13 of vapor of metallic 
elements constituting a superconductive body e.g. 
made of a compound such as YBa2Cu307.x, (Lai. 

35 xBax)Cu04. etc. and a gas stream 8 of ions pro- 
duced in a plasma chamber are projected or ap- 
plied simultaneously on a substrate and the film 
growth is effected by crystallizing them. As a plas- 
ma source it is preferable to use a plasma of ions 

40 generated in an electron cyclotron resonance mi- 
crowave plasma generator 7 or an RF-plasma gen- 
erator 5, 6. Various kinds of ions generated in this 
plasma source are not accelerated, but reach the 
surface of the substrate by diffusion and react with 

45 the stream of metal vapor. Consequently, the en- 
ergy of the ions is very low and therefore, the ions 
give the substance no damage due to the energy 
of the ions. 

In order to obtain a uniform film, it is preferable 
50 that each of streams 13 of vapor of plural of metal 
elements is flow-rate-controlled by means of a film 
thickness monitor 14. An evaporation chamber 11 
is kept at a vacuum, which is higher than that in the 
reaction chamber 20. in which gas is introduced, a 
differential pumping mechanism comprised of a 
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vacuum pump 19 and a throttle plate 17, disposed 
on both the two chambers. In this way the metal 
source of plural elements is not contaminated by 
the plasma gas. For this reason the evaporation 
speed is controlled to be constant and it is possible 
to fabricate films of high quality. 

The superconducting materials according to * 
the present invention mean ceramic superconduc- 
ting materials in general, such as (La. Ba)2Cu04 
compounds of K2NiF4 structure having a critical 
temperature of 40K, YBa2Cu307.x compounds hav- 
ing a critical temperature of 90K. ErBa2Cu307.x 
compounds. HoBa2Cu307,x compounds. 
EuBasCuaOy.x compounds. Bi2Sr2Ca2Cu30x com- 
pounds having a critical temperature of 120K, 
Tl2Ba2Ca2Cu30x compounds, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scheme for explaining a method 
for fabricating superconducting materials according 
to the present invention, illustrating a device for 
realizing same; 

Rg. 2 is a scheme showing a prior art tech- 
nique: 

Fig. 3 shows an example of characteristics of 
a superconducting material obtained by the method 
according to the present invention; 

Figs. 4A. 4B and 4C are schemes showing 
other embodiments of the present invention; and 

Fig. 5 is a scheme showing an embodiment 
of the present invention for fabricating thin films. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinbelow an embodiment of the present in- 
vention will be explained, referring to the drawings. 



Embodiment 1 

Rg. 1 is a scheme illustrating an experimental . 
apparatus for realizing the present invention. A. 
vacuum chamber 4 made of glass, etc. can be 
evacuated to a high vacuum (about 1.3 x 10^^ Pa) 
by means of an evacuating device, within which 
chamber a superconductive body is formed. Even- 
tually, a substrate 2 on which superconducting ma- 
terials are set. and a heater 3 for heating them are 
disposed therein. On the other hand, oxygen plas- 
ma is generated while supplying oxygen gas of 
simple substance or oxygen gas. in which freon 
gas. argon gas. etc. are mixed, to the vacuum 
chamber 4 and at the same time feeding a coil 5 
disposed outside of the vacuum chamber 4 



(capacitive coupling is also possible) with RF pow- 
er (several 100 W to several 100 MW) from an RF 
power source 6. In order to facilitate generation of 
the plasma and confinement thereof, it is preferable 

5 to superpose an external magnetic field on the RF 
magnetic field by means of a field coil 7 (it is also 
possible not to use this magnetic field). The ar- 
rangement of this magnetic field can be any of 
dispersion type. Miller type. CASP type. etc. Fur- 

10 ther. in the case where the superconductive body 1 
is formed into a thin film, the raw material 10 
constituting the superconductive body 1 is pow- 
dered and injected into the vacuum chamber 4. On 
the contrary, in the case where the superconduc- 

;s tive body 1 is a pellet, the superconducting ma- 
terial 10 described above is formed into a pellet, 
which is set on the substrate 2 described above. 

Now the working mode of the apparatus stated 
above and the method for fabricating the semicon- 

20 ductive body will be explained. In the case where 
the superconductive body 1 is formed into a thin 
film, the substrate 2 (on which the thin film, is 
formed) is heated by means of the heater 3 (0 to 
1000* C), after having evacuated the vacuum 

25 chamber 4 to a high vacuum. Then an active gas 
such as oxygen, oxygen + freon, etc. is introduced 
thereinto (10"^ - 10^ Pa) and a plasma having a 
high temperature (10 - 10* eV) and a high density 
(about 10^° - 10'^ cc) is generated. Then the 

30 superconducting raw material, e.g. fine powder of 
Y2O3. BaCOs and CuO (weight ratio - 0.6 : 1.5 : 
1.0) is Injected into the plasma. At this time active 
oxygen atoms, those constituting freon. and their 
charged particles react chemically with atoms con- 

35 stituting the superconducting raw material and are 
deposited on the substrate 2 so as to grow ionic 
crystals, forming a superconductive thin film. When 
a thin film having a predetermined thickness is 
obtained, the injection of the superconducting row 

40 material 10 is stopped. At this time it is desirable to 
anneal it in the plasma by means of the heater (not 
longer than several hours at a temperature between 
300 and 1500*C). 

Fig, 3 indicates the temperature dependence of 

45 the resistivity of a high temperature oxide super- 
conductive body Y-Ba-Cu-0 fabricated in the man- 
ner described above. It can be understood there- 
from that the thin film fabricated by the method 
according to this invention has a higher critical 

50 temperature and a lower resistivity with respect to 
that fabricated by the prior art method using an 
electric furnace. Further the former has a stability 
and a critical current density, which are higher than 
those for the latter. 

55 On the other hand, in the case where the 

superconductive body 1 is formed into a pellet, for 
example the superconducting raw material 10 stat- 
ed previously is set on the substrate 2 after having 
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been formed into a pellet. After the vacuum cham- 
ber has been evacuated to a high vacuum and the 
pellet has been heated (to a temperature, at which 
it is not sintered), It is sintered in the plasma so as 
to form the superconductive body 1. Further, the 
position, where the substrate 2 is set in this case, 
differs In general from the position for the formation 
of the thin film described previously (it is set posi- 
tively in the plasma). 

Figs. 4A, 4B and 4C are schemes illustrating 
other experimental apparatuses. In the apparatus 
indicated in Rg. 4A the superconducting raw ma- 
terial 10 acts as the cathode and the desired 
superconductive body 1 is produced on the anode 
side. As the power supply an RF, DC or pulse 
source Is used and at least an oxygen plasma is 
used, as described previously. Further, at this time, 
the substrate 2 may be heated by means of the 
heater 3 (omitted in the figure), as stated above. 

Fig. 4B is a scheme Illustrating an apparatus, in 
the case where microwave power (frequency higher 
than 1 GHz. 10 W to 10^ k\A/) Is used as the RF 
power. 

Fig. 4C indicates an embodiment, in which arc 
discharge is used. The embodiments indicated in 
Figs. 4A, 4B and 4C are essentially the same as 
that indicated in Fig. 1. However, since physical 
quantities (temperature, density, etc.) of the plasma 
vary, depending on the method for generating the 
plasma, the working gas pressure and the position 
of the substrate 2 differ therefrom, in any case at 
least effectiveness of a plasma at the surface of the 
superconductive body 1 remain unchanged. 

Embodiment 2 

According to this invention, since ions pro- 
duced in the plasma are in an active state, they are 
easily combined with evaporated metal atoms and 
thus crystallization of the oxide takes place at a 
relatively low temperature. 

This effect will be described In detail, referring 
to an example, in which a thin film of YBaaCuaOy.x 
is formed. A metal evaporation chamber 11. by 
which a ternary simultaneous evaporation of Y. Ba 
and Cu was possible, was disposed In a vacuum 
chamber 4. whose ultimate vapor pressure was 
10~* Pa. Streams 13 of vapor of the elements are 
generated by irradiating the sources thereof one 
after another with an electron beam 12. The speed 
of each of the streams of vapor of the elements 
was inputted in an evaporation speed controller 15 
through an electron stimulated light emission 
photodetector 14 and fed back to a power supply 
for an electron gun 16 so that it reached a pre- 
determined value and that it didn't vary during the 
evaporation. In the vacuum chamber there was 



disposed a differential pumping mechanism con- 
sisting of a pump mounted for each of the evapora- 
tion chamber 11 and the reaction chamber 20 and 
a throttle plate 17 separating them apart from an 

5 aperture, through which the streams of metal vapor 
pass. O2 gas was introduced In the reaction cham- 
ber from an O2 gas bomb 18 to a pressure of 10"^ 
Pa. After that, in the upper chamber a plasma of O 
Ions was generated by means of an electron cyclo- 

70 tron resonance microwave (ECR) plasma generator 
7 or an RF wave generator 5. 6. The deposition 
speed of each of the metal elements of Y. Ba and 
Cu was obtained by using the relative relation 
between a thin film deposited preslously and a film 

75 thickness monitor 14. The evaporation speed was 
so controlled to be 30 nm/s. and they were sepa- 
rately evaporated so as to obtain a molar ratio 
thereof of 1 : 2 : 3. At the same time the substrate 
2 was irradiated with the O2 plasma. The evapora- 

20 tion chamber was kept at a high vacuum of 10"* 
Pa owing to the differential pumping mechanism. 
For this reason the melts of Y, Ba and Cu were 
formed stably and thus it was possible to keep the 
evaporation speed to be constant. The O plasma 

25 was generated in the plasma generating portion, as 
indicated in Fig. 5. and they were not accelerated 
Intentionally, but they reached the surface of the 
substrate by diffusion. For this reason the ion en- 
ergy was as low as a value, which was smaller than 

30 10 eV and the ions gave therefore the thin film no 
damage due to ion impact. For the substrate an Si 
monocrystai having a crystallographical orientation 
of (100) was used. The heater 3 mounted on the 
substrate was fed with electric current so that the 

35 temperature of the substrate was varied from the 
room temperature to 800 'C. The thickness of de- 
posited films was kept at 500 nm and the film 
quality was examined by using an X-ray diffraction 
device. In this way it was found that it was amor- 

40 phous for the substrate kept at the room tempera- 
ture, but a superconductive state of YBazCuaOr-x 
was obtained already at a temperature of the sub- 
strate of 400* C. No reaction phase was found 
between the YBaaCuaOy.x film and the Si mon- 

46 ocrystal. For the conventional fabrication of super- 
conductive bodies oxide substrates such as MgO, 
AI2O3. SrTiOa and YSZ (Yttria stabilized Zirconia) 
were used principally. This is due to the fact that 
the YBa2Cu307.x film and the Si substrate react 

50 with each other, because a temperature higher than 
700 *C is necessary for the substrate temperature 
or annealing after the film formation. The supercon- 
ductive film formed on the Si substrate according 
to this invention was a film of high quality, whose 

55 critical temperature was 87K, whose critical cun-ent 
density was about 10^ A/cm^ and whose char- 
acteristics were not deteriorated, even if it was left 
in the atmosphere for about two months. 
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The oxygen plasma used in the present inven- 
tion may be generated in normal and/or pulse form 
using at least one of RF power (including a micro- 
wave) and direct-current power. Alternatively, the 
oxygen plasma may be generated using an exter- 
nal magnetic field. 

The application of this invention is not restrict- 
ed to the YBa2Cu3 07-x superconductive body, but it 
can be applied as well to other ternary supercon- 
ductive bodies, e.g. (La, Ba)2Cu04. Furthermore, if 
CF4 is also introduced In the plasma generating 
portion, since F plasma Is produced, too, it can be 
applied to the formation of any ceramic thin film 
such as fluoride. 

According to the present invention, at least 
oxygen plasma is used in the fabrication process of 
superconducting material including a thin film, 
whereby a chemical reaction and/or a physical re- 
action of a superconducting raw material such as a 
stream of metal vapor and active oxygen atoms 
such as radical oxygen atoms and/or charged par- 
ticles thereof are promoted, so that a single crystal 
of superconducting material (film) is grown at a low 
temperature in a short time. Thus, a superconduc- 
. ting material with good characteristics such as high 
critical temperature and high critical current density 
and with high stability i.e. long life can be pro- 
duced. According to the present invention, since 
the combination of Si devices with superconductive 
bodies is easy, the economical merit thereof is 
very great. 



Claims 

1. A method for fabricating superconducting 
materials, wherein at least oxygen plasma is used 
in the fabrication process of an oxide superconduc- 
tive body (1). 

2. A method for fabricating ceramic type super- 
conducting materials, comprising the steps of ap- 
plying a vapor of metal elements, of which a super- 
conductive body (1) is to be composed, said vapor 
being generated in an evaporation chamber (11) 
evacuated to a high vacuum by a differential pump- 
ing mechanism (17. 19), and a gas of ions gen- 
erated In a plasma chamber (20) to a substrate (2); 
and subjecting said vapor and said gas to react 
with each other on said substrate to grow a super- 
conductive thin film by crystallization. 

3. A method for fabricating superconducting 
materials according to Claim 2. using as said gas 
of ions, plasma of ions generated by means of an 
electron cyclotron resonance microwave plasma 
generator or a radio frequency plasma generator 
(5. 6). 
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4. A method for fabricating superconducting 
materials according to Claim 2, wherein each of 
streams (13) of vapor of plural metal elements is 
controlled relative to its flow rate. 

5 5. A method for fabricating ceramic type super- 

conducting materials, comprising the steps of pro- 
viding a vapor of metal elements, of which a super- 
conductive body (1) is to be composed, said vapor 
being generated in an evaporation chamber (11) 

10 evacuated to a high vacuum by a differential pump- 
• ing mechanism (17, 19); providing a gas of ions 
: generated in a plasma chamber (20); reacting said 
vapor and said ion gas with each other on a sub- 
strate (2) at a temperature higher than 400 C to 

75*- = produce a superconductive thin film on said sub- 
strate. 
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® Chemical reactions of superconducting raw ma- 
terials (10) with active oxygen atoms and their 
charged particles are accelerated by using at least 
oxygen plasma in the fabrication process of a super- 
conductive body (1). Thereby an ionic crystal is 
grown in a short time, which provides stable super- 
conducting materials of high quality such as high 
critical temperature and low resistivity. In another 
aspect, a substrate (2) is irradiated simultaneously 
with streams (13) of vapor of metal elements, of 
which a superconductive body is to be composed, 
and a stream (13) of gas of ions generated in a 
plasma chamber (20) and film growth is effected 
while keeping the substrate (2) at a temperature 
higher than 400* C to produce a ceramic type super- 
conductive thin film. 
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materials involving the use of oxygen plasma. 

2. Claims 2-5: Method of making films of ceramic super- 
conducting material by reactive evaporation activated 
by an unspecified plasma gas. 



□ 
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All lurtner .eerch lee* h«« D««. oa«J wHMn IM fl«-d twia Hmrt. Th« prasam European saarcn repon na. 
been drawn up for all claims. 

only p»t Of the further search fees have been oaid the fbced tim. Hinit Thd preaem Eurood-n saarch 
report nas t)«Mi drawn uo for those parts of the Eoropaan patam appileailoii which reiata to the .mr«itldhs in 
reaoect o« wWch search fees nave been paid. 



namely etaima: 

None of the further saareh fees has baan 
has baan drawn up for thosa parts of i 
mentioned in ttia daima. 

nam«<y claims; 1 



paid within iha flxad time limit. Tha presam European searcn reoort 
fie Etirooaan patant aoolleadon whfeft reiata to ma Invention first 



yao: <EP oaog508A3 i > 



